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Abstract
The solubility of water in molten mixtures of lithium chloride and potassium chloride containing 50.0, 53.0,
60.0, and 68.6 mole per cent lithium chloride was determined at 480 and 390oC in the pressure range zero to
26 mm. Melts were dried by alternate hydrogen chloride flushing and evacuation, and the solubility was
determined by measuring the quantity of water vapor absorbed by the melt.
Disciplines
Chemistry
This report is available at Iowa State University Digital Repository: http://lib.dr.iastate.edu/ameslab_iscreports/168
PHYSICALS ENCES READ G R001\f ISC-929 
CHEMISTRY-GENERAL 
UNITED STATES ATOMIC ENERGY COMMISSION 
SOLUBILITY OF WATER IN MOLTEN 
ALKALI CHLORIDES 
By 
William J. Burkhard 
J. D. Corbett 
July 1957 
Ames Laboratory 
Iowa state College 
Ames, Iowa 
Technical Information Service Extension, Oak Ridge, Tenn. 
F. H. Spedding, Director, Ames Laboratory. 
Work performed under Contract No. W-7405-eng-82. 
LEGAL NOTICE 
This report was prepared as an account of Government sponsored work. Neither the 
United States, nor the Commission, nor any person acting on behalf of the Commission: 
A. Makes any warranty or representation, express or implied, with respect to the 
accuracy, completeness, or usefulness of the infor mation contained in this report, or that 
the use of any information, apparatus, method, or process disclosed in this report may 
not infringe privately owned rights; or 
B. Assumes any liabilities with respect to the use of, or for damages resulting from 
the use of any information, apparatus, method, or process disclosed in this report. 
As used in the above, "person acting on behalf of the Commission" includes any em-
ployee or contractor of the Commission to the extent. that such employee or contractor 
prepares, handles or distributes, or provides access to, any information pursuant to his 
employment or contract with the Commission. 
This report has been reproduced directly from the best available copy. 
Printed in USA. Price $1.50. Available from the Office of Technical Services , 
Department of Commerce, Washington 25, D. C. 
AEC Technical Information Service Extension 
Oak Ridge, Tennessee 
ISC-929 
iii 
TABLE OF CONTENTS 
ABSTRACT 
I. " INTRODUCTION 
II. EXPERIMENTAL 
A. Materials 
B. Preparation of Dry Salts 
c. Solubility Measurement 
1. Apparatus 
2. Procedure 
D. Errors 
III. RESULTS AND DISCUSSION 
IV. BIBLIOGRAPHY 
V. APPENDIX 
1. Retention of water and hydrolysis 
2. Extent and rate of hydrolysis 
Page 
iv 
1 
5 
5 
5 
7 
7 
10 
12 
15 
33 
35 
35 
37 
ISC-929 
iv 
* BOLUBILITY OF WATER IN MOLTEN ALKALI CHLORIDES 
William J. Burkhard and J. D. Corbett 
ABSTRACT 
The solubility of water in molten mixtures of lithium 
chloride and potassium chloride containing 50~0'"' 53.0, 60.0, 
and 68.6 mole per cent lithium chloride was determined at 480 
and 390oC in the pressure range zerp to 26 mm. Melts were 
dried by alternate hydrogen chloride flushing and evacuation, 
and the solubility was determined by measuring the quantity 
of water vapor absorbed by the melt. 
The solubility versus pressure curves follow Henry's 
law from zero to 18 mm pressure at 480° and from zero to 10 mm 
at 390°. The reciprocal Henry's law constants, K, are 14, 11.8, 
11.3, and 10o8 micromoles water per mole lithium chloride per 
mm for the 50, 53, 60, and 68.6 mole per cent mixtures at 480o, 
and are 30.0 and 30.5 for the 50 and 60 mole per cent mixtures 
at 390°. Heats of solution calculated from smoothed data are 
'.:: 8.4 kcal per mole for the 50 mole per cent mixture and -11.0 
kcal per mole for the 60 mole per cent mixture. 
The 480° solubility curve exhibits a definite upward break 
beyond 18 mm pressure due to hydrolysis of the lithium chloride 
* This report is based on an M. S. thesis by William Jo Burkhard 
submitted July, 1957, to Iowa State _. College, Ames, Iowa. -
This work was done under contract with the Atomic Energy Com-
mission& 
v 
at the higher water concentrations. The 390° curve shows no 
break below 26 mm, but does show a slight upward deviation 
above 10 mm pressure~ 
The unusual tenacity with which water is retained by the 
melt and the hydrolysis of the melt under non-equilibrium 
conditions are discussed in the Appendix. 
1 
I. INTHODUCTION 
The marked hydrolysis of the low molecular weight 
alkali and alkaline earth halides is a well-known phenomenon, 
but until recently there has been v·irtually no recognition 
of the actual retention of water by such systems. 
The retention of water in molten ~ystems containing 
lithium chloride was noted in this Laboratory (1) during 
some qualitative studies . on metal displacement series in . 
molten salts. Metals such as magnesium, zinc,· cadmium, tin, 
lead, nickel, and bismuth reacted wit~ the melt, evolving 
hydrogen which exploded .as it came into contact with the air 
above the melt. Preliminary attempts to determine the 
amount of water retained by the molten salt by loss in 
weight of small metal buttons placed in the melt were un-
successful because of the long time required for the water 
to react completely and because of the considerable 
hydrolysis which accompanied that reaction. In addition, 
the amount of water absorbed in the molten salt was found to 
be extremely dependent on pressure and the h i story of the 
sample. Since these experiments were performed, several 
references pertaining to the retention of water by molten 
systems cont aining lithium chloride have appeared in the 
literature. 
2 
Gas evolution in electromotive cells containing lithium 
and potassium chlorides was noted by Jennings (5). Gases 
were evolved at the silver and magnesium electrodes when 
the cell was under load, but only at the magnesium electrode 
' . 
when the cell was on op~n circuit. Cells containing 
chlorides tended to polarize badly, but small amounts of 
water 1..rere considered beneficial in this case since salts 
that had been dried before use gave poorer results than 
those used without prior t1•eatment. I ' 
Senderoff and Brenner (10) were of . the opinion that 
traces of water in a melt containing lithiuril chloride' were 
helpful When that melt was used for the electrolytic prepara-
. ' 
tion of molybdenum. The presence of traces of moisture was 
believed ' to have a controlling effect on the grain size or 
the deposited metal. 
The corrosion of nickel, copper, and several stainless 
steels in molten lithium, sodium, and potassium chlorides 
was studied by Gurovich (4). He found that the corrosion 
rates and the magnitude of corrosion were in the order 
LiCl ) NaCl ) KCl. The steels were more readily attacked 
than nic ke 1 or copper. 
Kochergin and Stolyarov (6) found that the corrosion of 
iron vias 'HOrse in lithium chloride-potassium chloride melts 
than in sodium chloride-potassium chloride. The attack was 
reduced to zero Hhen the salts were previously treated with 
3 
magnesium metal or heated from five to six hours at lo-5 mm 
pressure. Similar results were obtained by Kochergin and 
co-workers (7) when they studied magnesium chloride-potassium 
chloride, calcium chloride-sodium chloride, and barium 
chloride-potassium chloride melts at 700°. The lower 
molecular weight alkaline earth halides were more corrosive 
than the heavier ones; the corrosive ef.fect was reduced to 
I 
zero a.fter treatment with magnesium metal, except with the 
mixture containing t he. b'arium chloride 1 which attacked the 
iron me tal slightly even 'arter drying. The results reported 
in these re.ferences can obviously be explained by the 
presence of small amounts o.f water in the molten salts. 
There is one early report o.f water retention by a salt 
other than an alkali chloride. Lorenz and Eitel (9, PP• 68-
73) reported difficulty in electrolyzing zinc chloride t6 
' ,. 
produce the metal. In.their discussion o.f the experiments 
performed they;·att:r• ib \~ted the gas evolution at the electrodes, 
the delay in the appearance o.f metallic zinc, and the forma-
tion of a basic zinc chloride to the presence o.f small 
amounts of water in the melts. The:i.r method for cleaning up 
the melt consisted o.f electrolysis until metallic zinc 
appeared at the cathod~ or the addition of a small amount of 
metallic zinc to scavenge the water ir the melt. 
Laitinen ~ !!.• ( 8) used lithium chloride-potassium 
chloride melts for polarographic wor k. Their method for 
4 
drying the salt consisted of the following steps. First the 
salt was kept under vacuum for three days at . room tempera-
ture. It was then heated to fusion while dry h:yd~ogen 
chloride was passed through the mixture. The melt was 
evacuated periodically to remove water· and excess hydrogen 
chloride. The impurities remaining after this treatment 
i 
were removed by electrolysis. The authors maintain that the 
bulk of the water was best removed at room temperature, and 
in any event · be!low the fusion temperature of the mixtur~, 
' ' . 
since the hyd~olysis reaction was particularly trdublesome 
I 
' 
at and above; the melting point. · 
In the present work the solubility· of water in molten 
mixtures of lithium chloride and potassiUm. chloride was 
studied by .measuring the absorption of water vapor by the 
dry melt. Because of the difficulty of removing the last 
traces of water and the complications introduced·by the 
hydrolysis of· the melt, drying could not be accomplished 
simply by heating the salt under vacuum. A modification of 
.. 
the method ot Laitinen~.!!_. (8) was used; it is described 
in the Experimental section. Data on the irreversible 
hydrolysis of lithium chloride-potassium chloride melts 
under vacuum conditions are discus sed in the Appendix 
section. 
II. EXPERIMENTAL 
A. Materials 
0 
Lithium chloride (Baker and Adronson, or Baker .Analyzed) 
and potassium chloride (Baker Analyzed) were weighed and 
mixed in the desired proportions before drying. The weight 
of the lithium chloride was corrected for moisture content; 
no correction was necessary for potassium chloride. · .The 
hydrogen chloride (Matheson, Anhyd.) was dried by passing 
through a tr~p cooled with a cfry i ce-acetone mixture·. 
B. Preparation of Dry Salts 
As has been · stated in the Introduction, a modified form 
of the method described by Laitinen was used for drying the . 
salts, employing the apparatus shown in Figure 1. The salt 
mixture and a glass-encased magnet B were contained in the 
platinum crucible A. The large standard taper joint 1rras 
lubricated with Apiezon "T 11 grease; it was cooled with a 
small blower, since it was directly above the furnace. 
After the vessel was loaded and assembled it was 
evacuated with ~ open. The bypass, ~' was necessary to 
prevent salt from being lost when the pressure i n the system 
was changed. The system was filled to atmospheric pressure 
6 
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Figure 1. The drying vessel 
7 
with dry helium after the s~lt had been under a pressure of 
less than lo-3 mm for 20 hours. The stopcock was then 
' . turned to open EF so that the dry ·hydrogen chloride entered 
at E and left through a sulfuric acid bubbler attached at Q. 
The hydrogen chloride treatment was continued for two to 
three hours while the temperature was raised gradually to 
3.50° C., after which the syatem tvas reevacuat·ed for four 
I 
hours. The hydrogen chlo~lde flushing was then repeated 
while the temperature was raised to approximately .500°. The 
vessel was evacuated afte: the last hydrogen chloride treat-
ment had continued for two hours, and the molten . salt was 
kept under vacuum u_~til transfer to the preheated absorption 
I ' ' • 
vessel. Another brief hydrogen chloride treatment was ad-
ministered before transfer when the salt had been stored for 
longer than six hours. 
c. Solubility Measurement 
The solubility of water in the lithium chloride-
potassium chloride melt was determined by measuring the 
pressure drop of water vapor in ,a known volume over a sample 
~ 
of the dry melt. 
1. Apparatus 
The apparatus is show.n in Figure 2. A, ~~ and C were 
two-mm vacuum stopcocks;. Q was a four-mm stopcock. The 
0 
<! > 0 
8 
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mercury manometer f was constructed or eight-mm (inside 
diameter) Pyrex tubing and was connected to the globe ~ 
through two-mrn capillary tubing. The back sid~ of. the 11U11 
was evacuated and sealed off so that the mercury levels were 
equal at zero pressure. The levels ~ere read with an Eber-
bach cathetometer. 
The temperature of the globe £! was measured with a 
' mercury thermo~eter in contact ,with it, and was checked 
frequently at ~ifferent portions of the globe with a portable 
I ' potentiometer. Al~inum roil was wrapped around ' the globe 
to insulate it :from' small fluctuations in room temperature--
not a serious problem since the room was air-conditioned. 
I 
Asbestos sheets were placed at strategic positions to shield 
the system from heat generated by furnaces being op'erated 
nearby. 
The absorption vessel li was positioned in a tubular 
furnace as shown in the diagram. This vessel was 'constructed 
to contain as small a volume as possible, for the following 
reas.,ons: a large volume would have decreased the pressure 
change used to measure the amount of absorption, and a large 
surface of glass in the absorption vessel would ' have been 
undesirable because of the distillation of salt out of the 
crucible. 
The top ·and bottom ends of.' the furnace were closed with 
insulating material. The joint just below the bottom end 
of the furnace was lubricated with Apiezon "T" grease. 
\ 
10 
The temperature of the furnace was controlled by a 
Brown Electronik proportioning controller using thermocouple 
!• The actual salt temperature was measured after a run by 
sliding a thermocouple down the inlet tube ,I_ into the salt. 
This temperature was read with a Rubicon portable precision 
potentiometer. 
The magnetlc stirrer in the melt was driven by a magnet 
fastened at the end ot a glass rod projecting from a stir-
ring motor below. the absorption vess~l. ~. This method of· 
stirring allowed agitation or the rused lsalt without 
introduction or troublesome temperature gradients near the 
salt. 
2. Procedure 
The volume of the globe .§ was measured to vlithin 0.5 
ml by filling ' it with water and measuring the volume of' the 
water. This volume was corrected at varying p,ressures for 
the change in gas volume 'of the manometer. The volume of 
the absorption vessel ,was not measured directly, but an 
11e.ffective volume" was calculated as described belolv. 
After the platinum crucible containing the dried salt 
had been transferred to the preheated absorption vessel, the 
syst em was evacuated quickly to prevent contamination of the 
melt by prolonged contact vrith air. 
The globe vms filled with dry helium to a pressure of 
11 
about 35 mm after the temperature of the system had come to 
equilibrium. Stopcock ~ was then closed and stopcock ~ 
opened to the eva.cuated absorption v:essel. The "effective 
II \ 
volume of the system was calculated from the known volume 
of the globe and the ratio of the two pressures. The volume 
of tho globe was 117.8 ml; the total apparent volume varied, 
but it ~~as approximately 152 ml when the salt temperature 
was 480°. The helium calibration was checked against a 
nitrogen calibration. The pressure drop noted when helium 
was left in the system for a period of several hours · (due 
to effusion through the hot glass) had no effect on the 
meamtrements made here because the entire calibration process 
was completed in less tran 15 minutes. 
Evacuation t-1as continued after the calibration with the 
· aid ·Of a mercury diffusion pump untll no discharge was seen 
in the system with a Tesla coil. Four hours pumping time 
was usually sufficient. 
Stopcock! was closed and ~Jater vapor was admitted to 
the globe from reservoir Q; !! vms- closed when the desired 
pressure had · been reached. Stopcock !!:_ was then opened to 
the absorption vessel and the pressure read immediately 
' 
thereafter. The pressure reading taken after the water 
vapor pressure over the melt had come to equilibrium was 
subtracted from this initial reading to give the pressure 
drop due to absorption of the water by the me l t. The time 
12 
required for equilibrium to be established depended on the 
amount of water absorbed; a pressure drop of four mm, cor-
responding to 120 micromoles of water per mole lithium 
I \ chloride, required about four hours when a sample weighing 
25 grams was used. Pressures vrere chosen so that four or 
I 
more absorptions could be carried out on the same sample 
before the upper limit of pressure for the apparatus was 
reached. 
t( ' • 
The e qu.ation .' USed to calculate the lt-ratep a.'q~orption is 
( 1) 
Where ~ represents the moles of water per .mole lithium 
' 
chloride, ~ +s the molecular weight of the lithium chloride, 
I 
! is the total volume of the system, R is the gas constant, 
! the temperature · of the globe, }! the total weight of the 
salt, ~ the vreight per cent lithium chloride in the salt, 
and! the pressure drop. 
D. Errors 
It was necessary to make correction for the amount of 
water adsorbed by the globe when the final pressure was 
( 
greater than 16 mm. PJl adsorption versus pressure curve for 
the globe was plotted from measurements made after a run had 
been completed. The globe ~oras filled to a given pressure 
with water vapor end allowed to remain until the pressure 
13 
came to equilibrium. The time required varied with the 
pressure; it was about three hours at 18 mm pressure. About 
six hours were required at pressures above 20 mm. The 
pressure drop due to adsorption of water by the globe was 
multiplied by the 11atio of the volume of the globe to the 
total volume to~ get the pressure drop for the whole system 
and this was subtracted from the total pressure drop to get 
I 
the drop corresponding to absorption by the salt. Adsorp-
tion by the hot vessel H was found to, be negligible so that 
no correction was necessary. 
Distillation of small amounts of salt out of the cru-
cible ontq portions , of the absorption vessel wall could have 
been a source of err·or, but the technique u,sed negated that 
possibility. No error was introduced because of the prac-
tically instantaneous absorption of water into the thin 
I 
films of salt. The initial pressure used in the calcula-
tions was read immediately after this absorption had taken 
place. 
The hydrolysis of the salt during water absorption Has 
found to be negligible at water vapor pressures below 16 mm. 
This was accomplished by condensing the water vapor from the 
globe after ~ series of measurements and titrating with 0.05 
N sodium hydroxide, using a mixed indicate~ consisting of 
bromthymol blue and phenol red. After the absorptio~ of 100 
p.M (micromoles) water, for example, less than two p.M 
14 
hydrogen chloride (the smallest detectable amount) was 
found. Hydrolysis at higher pressures was considerable; 
this is discussed in the Results and Discussion section. 
Errors in the weighing of the salt were lass than 0.5 
per cent. Samples of 25 grams or more were weighed on a 
balance accurate to 0.02 grruns. The lithium chloride was 
corrected for moisture content when it was weighed out before 
being mixed with the potassium chloride. The total weight 
of salt used in the calculations was obtained •. by weighing 
the salt after the experiment. 
! 
' . The maximum error for any pressure reading was calcu-
lated to be 5 per cent, · since t~ smallest pressure readings 
were of the order of two mm and the eathetometer could be 
read to the nearest 0.1 mm. The average error turned out to 
be less than 3 per cent. 
15 
III. RESULTS AND DISCUSSION 
The solubility of water in molten mixtures of lithium 
chloride and potassium chloride containing 5o.o, 53.0, 60.0, 
and 68.6 mole per cent lithium chloride was measured at 480° 
and 390° c. .Results are given in Tables 1, ,2, 3, 4, , 5, 6, 
and · 7. Solubility versu~s pressure plots are sho-vni in . 
Figures 3, 4, 5, 6, and 7." Two sets of curves . ~re ; given :tor 
. . 
the 50 and 60 ·mole per cent mixtures; Figures '3 and . 5 show . 
I . 
the low pressure data in more detail than Figures 4 anq 6, · 
which cover the entire range studied. The effects observed 
at the lower pressure. tvill be discussed first. 
The solubility f'ollows Henry's law from zero to 18 mm 
' 
at 480° and from zero to 14 mm at 390°. In these · ranges the 
behavior is similar to that observed in the nitra"\;e systems 
(2). The values of the reciprocal Henry's law constant, K, 
for the 50, 53, 60, and 68.6 mole per cent mixtures at 480° 
are, respectivelJ) 14, 11.8, 11.3, and 10.8 ._.:H m·1mm-l 
{micromoles water per mole lithium chloride per millimeter 
pressure). The value for the 50 mole .per cent mixture is 
somewhat in doubt, therefore only two significant figures 
are reported. The constants at 390° are 30.0 and 30.5 t4 M 
m•l:mm.-1 for the 50 and 60 mole per cent mixtures. 
A few explanatory words should be said about Figure 4. 
16 
Table 1. a tvater absorstion by 60 mole per cent LiCl-KCl 
melt a-t 390 c. 
# v, cc w, g 
119 157.0 25.43 302 
124 156.7 26.50 303 
125 156.9 26.50 302 
146 156.3 .' 32.97 306 
Press., rru:n Hg 
Initial Final 
7.1 3.6 
12.3 8.0 
20.0 15~2 
6.7 3.1 
13.7 8.1 
12.4 6'.o 
20.9 14~5 
21.3 16.2 
I 
15.3 6.8 
17.5 10.7 
18.2 14.1 
22.3 16.6 
24.0 19.0 
30.7 23.3 
31.0 26.9 
b Corr., 
mm 
o.o 
o.o 
o.o 
o.o 
o.o . 
o.o 
o.o ' 
o.o 
o.o 
-0.2 
-0.3 
-0.3 
-0.4 
-0.2 
-0.5 
.p.M H20 
per mole 
LiCl (total) _ 
105.7 
235.6 
380.6 
103.3 
264.0 
185.6 
371.2 
519.1 
194.3 
345.3 
432.3 
553.6 
656.6 
821.4 
903.9 
a . 
In this and the following tables, V = apparent volume 
of the system, lv = total weisht of salt used, T .:: tempera-
ture of globe • These values were used to calculate the 
amount of water - absorbed~ using Equation 1. 
b , I ' 
The correction for the adsorption of t-J'ater . vapor by 
the 't-Talls of the system 'is subtracted from the pressure drop 
as indicated before the runount of water absorbed by the salt 
is calculated. 
The three points which lie well below the 480° solubility 
curve indicate residual water at the beginning of the solu-
bility determination. A line dravm . through these points is 
parallel, within experimental error, to the solubility curve. 
Similar behavior has been noted in the nitrate systems (2). 
Heats of solution were calculated for the 50 and 60 
mole per cent mixtures, using the integrated van 1 t Hoff 
equation, 
ln .-!!..;;. 
= (2) 
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Table 3. Water absorption by 60 mole 
at 480° C. 
per cent LiCl-KCl melt 
II v, cc w, g T, OK Press., rnm Hg Corr., 14M HfO per 
Ini tlal Final rnm Mole iCl 
(total) 
134 153.1 2Lt-.32 306 7 ·4 5.7 o.o 51.7 
14.1 11.9 o.o 118.6 
140 \ 151.2 30 .1+1 307 11.2 7.8 o.o 81.3 
17.1 13.7 o.o 162.6 
2~.1 19.9 o.o •263 .o 2 .2 24.4 ·o. o- 353.8 
24.9 23.6 o.o 384.9 
145 152.2 21.1+8 306 21.9 19.4 -o. 7 · 256.5 
25.1 22 .. 1 -0.6 . 338.6 
26.6 22,7 .o.o 471.9 )1.,0 24.3 -0.2 ,694.2 
28.4 24o3 o.o , . 83!t-.4 
147 149.4' 29.89 :306 8.9. 6.8 o.o '.5o.6 
1.5.7 12.6 -O.).J. 113.6 
· 20.9 17 • .5 -0.6 180.8 
24.8 20.2 -O.l+ 282.1 
27.7 22.0 -0.2 414.7 · 
29.3 22.1+ -0.3 .573.8 
28.7 24 .. 4 -0.2 672.7 
28.7 25.2 -0.2 752o J 
where s1 and s2 are the solubilities of water at the two 
temperatures T1 and T2, at constant pressure and composition, 
and AH is the heat of solution. The relationship betHeen 
log s and 1/T was assumed linear, as only the two tempera-
tures were used in the calculation; smoothed solubility data 
were used. The heats of solution are -8.4 kcal per mole for 
the 5o mole per cent mixture and -11.0 kcal per mole. for the 
60 mole per cent mixture. Again it should be noted that the 
( 
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Table 4. Water absorption by 5o mole per cent LiCl-KCl melt 
at 390° C. 
# V 11 CC W, g 
148 153.8 31.82 
T, °K Press., mm Hg 
Initial Final 
306 8.3 
l2o4 
15.1 
18.5 
23.2 
24.5 
28.1+ 
33.1+ 
' 4.2. 8.1 
11.2 
13.8 
17.5 
20.3 
24.0 
26.6 
150 157.4 29.87 306 ' lO.l.J. 
15.0 
19~2 
21.6 
25.9 
32.9 
5.6 
9.8 
13.8 
16.2 
21.3 
26.7 
Corr. 1 lAM H2o per 
mm mole LiCl 
' o.o 
o.o 
-0.2 
-0.2 
..;Q. '+ 
-0.2 
-0.'3 
-0.2 
(total) 
121.3 . 
! 248.5 
358.1 
491.2 
648.2 
y66.5 
888.0 
1083.0 
o.o ' '. 155.2 ' 
o.o .· ·.' '! 323.2 
-:0 .2.. ' . 491.2 
-0.2 , I ' , 659.2 ' 
-0.4 795.1 
-o.5 979.3 
value for the 50 mole·· p~r cent mixture may be less relie.ble. 
These values are compara~le to the heat of condensation of 
water at room temperatu·re ( -10.5 kca.l per mole}; how:ever, 
I 
comparison would be pointless because the temperatures of 
these solutions are above the critical point of water, . where 
the heat of vaporization becomes zero. 
It is evident that the important factors determining 
the water solubility in these systems ere the temperature of 
the melt, the pressure of water vapor over the melt, and the 
concentration of lithium chloride in the melt. The potassium 
chloride appears to have little .effect except to act as a 
diluent. The value of K decreases slightly with increasing 
•, 
22. 
Tabla 5. \vater absorption by 5o molo 
at 480° _c_ . __ . 
per cant LiCl-KCl melt 
7~ v, cc w, g T, °K Press., mm Hg Corr ., Jd1 H2o par 
Initial Final rnm mole LiCl 
(total) 
82 150.1.~ 28.9 - 302 8.7 6.0 o .. o 85.2 
12.1 10.2 o.o lLj)-1-. 9 
90 150.6 25.32 303 7.9 5.8 i o.o 77 ·'+ 
15.0 12.1+ o.o 173.1 
91 150.9 28~43 . 306 8.9 6.0 o.o 94.3 
14.5 12.0 o.o 175.5 
' .. 
106 152;.2 26.07 305 7.3 5.3 o.o 71.8 
13.5 11.1 o.o 158.0 
1'9~3 ) 16.9 o.o 244.2 
149 154.6 24.56 306 10.1-t 8.3 o.o 81.1 
16.,0 13.7 -0.1-t 154.L~ 
20.9 17.7 -0.7 250.9 
24.8 ' 21.7 ' -0.7 343.6 
31.1 25.1 -o.6 551.8 
29.9 25.4 o.o 725.4 
28.4 26.6 -0.2 787.2 
151 154.1 21.13 308 11.8 10.2 o.o 71.1 
16.7 14.7 o.o 150.0 
22.1 19.6 -0.2 252.2 
26.5 23.1 -0.1+ 385.6 
29.5 26.0 -0.3 527.8 
31.9 28.1 -0.2 687.9 
lithium chloride concentration in the systems studie~ in this 
work; for a change of 15 mole par cent, the corresponding 
change in K at !~80° is less than 10 per cent. The concentra-
tion dependence in the nitra.te systems (2) is much greater 
for a given change in salt concentration and is .in the 
opposite direction. For exrunple, lithimn nitrate-oodium 
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Figure 6. Water absorption by the 50 mole pe~ cent 
LiCl-KCl -mixture at 390 and 480° C. 
Table 6. Water absorption by 53 mole per cent LiCl-KCl melt 
at 480°_ c . . -·. 
# v, cc w, g 
95 
97 
,· ~; ' t 
98 
99 ' . 151. 8 ,' 25.70 
I 
' . 
107 152.·1 ' 24.80 
.. 
I, 
T, °K Press., mm Hg 
304 
305 
302 
304 
303 
Initial Final 
9.7 
14.2 
7.9 
13.7 
18.1 
8.5 
11.2 ' 
18~8 
1.0 
10.2 
J.4.7 
5 .• 5 
12.1 
17.7 
,19.6 
7.4 
12.1~ 
6.1 
' 12.0 
16.0 
6.2 
i 9.8 
\ 16.8 
f 
I .5.2 
8.8 
13.3 
4.1 
9.9 
15.5 
17.6 
~M H2q per 
mole LiCl 
(total) 
81.3 
J.44.9 
64.1 
124.7 
199.5 
. 77 ·3 
. 124.$ 
., 191.9 
-~ ! 
'\ · . 60.9 
108.3 
1.5.5.7 
49.4 
127.0 
204.7 
27.5.3 
nitrate-potassium nitrate. systems containing 48 ~d 67 mole 
per cent . lithi~ nitrate had constants of 0.85 and 1.80 
millimol~s wate~ per mole lithium nitrate per millimeter 
pressure at 168°. 
The presence of hydroxide in the melt seems to have no 
I 
effect on the solubility of water in these pressure ranges, 
inasmuch as the variations in the content of a basic sub-
stance indicated by data on the absorption of hydrogen 
chloride by the malts were not reflected by water solubility 
' 
data. Hydrogen chloride data, obtained by the procedure 
26 
Table 7. Water absorption by 68.6 mole per cent LiCl-KCl melt 
at 480° c. 
# v, cc w, g T, °K Press. , mm Hg 1'\M H20 per 
Initial Final mole LiCl 
(total) 
100 151.3 25.60 303 8.4 5.9 60.4 
10.3 8.8 96.6 
16.8 15.1 137.7 
19.7 15.2 246.5 
102 149·4 . 26.13 304 7.8 5.3 57.5 
12.6 10.0 117.3 20.5 17.2 193.2 
104 149.0 23.96 304 8.6 6.3 57.6 
12.9 10.7 112,6 
19.7 16.5 192.4 
105 151'.9 21.40 303 8.9 6.2 77.5 
11.4 10.1 114.6 . 
18.9 17.4 157.4 
described for .. the: water solubility studies, ·are given in 
Table 8 and plotted in Figure 8. All the curves in Figure 8 
have similar slopes, but most of them are displaced con-
siderably above the position they would be expected to occupy 
if a purely Henry• s law type of process were taking place. 
The implicat~on is that the hydrogen chloride reacted with 
something, probably hydroxide, in the melt before the regular 
absorption took place. Hydroxide, rather than oxide, is to 
be expected under the conditions here described, due to the 
extremely low decomposition pressure of lithitun hyd~oxide in 
) 
such a dilute solution. The estimated decomposition pressure 
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Figure 8. Hydrogen chloride absorption by the 60 mole 
per cent LiCl-KCl mixture at 390 and 480° C. 
., 
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Table 8. Hydrogen chloride a.bsorption, 60 mole· per cent 
LiCl-KCl melt. 
# Pressure jiM HCl per Temperature 
mm Hg mole LiCl 0 c .. 
116 7.7 47.3 480 
16.2 52.9 480 
Jl.j..l 77.9 480 
118 24.0 6o • .5 480 · . 
.50.6 80.7 48o . 
82.3 129.7 480 
120 21 .. 5 52.6 480 
39.6 66.L1. 480 
53.7 83.0 480 
82.4 110.7 480 
122 15.9 22.8 390 
35.6 39.9 .' 390 
69.3 59.9 390 
126 24 • .3 56.J 390 
37.3 71.9 3'90 
63.6 93.8 390 
85.7 115.7 . 390 
128 30.6 21.8 390' 
49.1 2A.o 390 
69.6 62.2 390 
,.. 
130 22.6 ' 12.3 390 
40 .• 0 27.7 390 
r 
of pure solid lithium hydroxide at 480°, extre.pole.ted from 
the date. of Gregori and Mohr (3) is 2.5 mm. In an ideal 
" solution containing 200 micromoies lithium hydroxide per 
mole of salt, the equilibrium pressure would be approximately 
5 x lo-4 mm, which is only slightly higher than the residual 
pressure in the vacuum system. 
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Although the solubility of water in the lithlum chloride-
potassitnn chloride system appears to be linear 1-rith pressure 
at lower water vapor pl"'essures, an irregularity is observed 
at ~.80° with apparent 't-v:ater• vapor pressures above 18 mm. 
The upward break in the solubility curve at that pressure 
might qe attribut-ed to the hydration of some species in the 
melt. This~ however, ls not ' lj.kely because the break expected 
at a lm-rer p~ssure a.t 390° for such a process does not 
appear. There is a slight upward deviation o~ the low 
temperature curve above 10 mm pr•es~mre, '\JU:t no break e.ppea.rs 
I 
' . below 26 rom, the llmi ting pressure for the apparatus used in 
these studies. 
There is good evidence the.t the break in the 480°' solu-
bility curve is due, at least in part, to hydrolysis of the 
melt after the dissolved water r-eaches a certain concentra-
tion. Less than two mi cromol~s hydrogen. chloride per mole 
lithium chloride, the llmit of detection, Has present in the 
water remuining in the globe and above the salt after a 
SOl"ies of absorptions had been carried out to final pressures 
below 16 rom, However, water removed after a series of 
measurements up to final pressures of 26 mm contained con-
oiderable quantities of hydrogen chloride. The products re-
moved after measurements on a sample which had been dried by 
the method described in the Experimental section, and which 
had subsequently absorbed an apparent 700 jl M wate~ per mole 
lithium chloride, contained approximately 200 fl. M hydrogen 
31 
chloride per mole lit4ium chloride. On the other hand, 33 
!AM hydrogen chloride were obtained w-rhen e. melt was used 
I 
'to~hich had undergone no hydrogen chloride trea.tment while 
being dried preparatory to the water absorption experiments. 
The latter melt required a higher final pressure (28 mrn) for 
the appar.ent absorption of 700 !AM water. This is s.n illus-
tration of the repression of hydrolysis by hydroxide already 
present. The solubili.ty curve for the salt sa.mp:I:.e just dis-
cussed is shown by the dashed line in Figure 6. The first 
three points are below those obtained with salp :santples dried 
' '' •I ·', 
by the Ur'Jual method; indio a.ting . that there · was, als.o ·some 
residual water · wh~n measurements began. The curve ,breaks up-
" ; 
l-Tard as the regular one does, but the second port~ori is not 
as steep. 
The total amount of water absorbed by the salt is not 
completely reflected by ~he pressure drop at these higher 
pressures due to the sniall partial pressure of hy.drogen . 
chloride. This is slightly offset by the association of the 
two gases at room temperature. 
The extent of the associe.tion was measured roughly at 
35° by admitting known pressures of the two gases into the 
globe and measuring the pressure after mixing. The partial 
pressures at a total pressure of 26 mm were thus estimated at 
20 mm water, 3.5 mm hydrogen chloride, and 2.5 mm of the 
associated species. These are no·t, however, the partial 
pressures over the melt. Because the two gas reservoirs were 
32 
at different temperatures, the situation must be described 
....... 
as a steady state and not as a true equilibriUm state. Pre-
ct.uning negligible association at 480°, it seems reasonable to 
assmne as a first approximation that the two gases are in the 
same proportion .in the hot vessel as the unassociat,ed gases 
in the cool portions of the apparatus. 
I 
The partial pressures 
over the salt ' at 26 mm total pressure then would be 22.2 mm 
•' 1 
water vapor and J .• 8 mm hydrogen chloride • The pressure drop 
I 
used in calculating the amount of water ;absorbed (Henryt ,s ·law 
'·' ' ' ' \ . ,, 
' I 
absorption plus that used in the hydrolysis) can .. be corrected 
I 
by adding the partial pressure of· unassociated hydrogen 
chloride in the cool zone to the pressure drop observed. 
Detailed information on the diffusion of these ge.ses across a 
thermal gradient · would be necessary to calculate exactly the · 
partia.l pressures of the gases in tha hot vessel. 
The possibility that a new type of hydration takes place 
in the melt at higher pressures should not be ruled ~opt en-
tirely. Such a;. process would explain the slight upward devia-
tion of the 390° solubility curve above 10 mm pressure, and 
might also contribute to the rather abrupt break in the 480° 
solubility curve. However, the data presented here are not 
sufficient to either prove or disprove such a hypothesis. 
1. 
2. 
4· 
6. 
8. 
10. 
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V. APPENDI X 
· Retention of Water by and Hydrolysis of 
Lithium Chloride-Potassium Chloride Halts under 
Non-Equilibrium Conditions 
~· Retention of water and hydrolysis 
I 
The presence of water in freshly prepared lithi~ 
chloride-potassium chloride melts was first noted in this 
c . ~ ' ' 
Laboratory · (1.) from · the evolution of h:/drogen I orl additio:n, of 
small buttons of lead, zinc, cadmil.:rrn, magnesium, t~n, or 
bismuth. Evolution of gas from a lead pellet placed in a I 
melt that had been evacuated at lo-3 mm for r'ive .hours 
showed that this treatment was not sufficient to remove all 
the water. 
The ·amount of lead reaction (measured by the ·los~ in 
weight of a lead button placed in the melt after an initial 
evacuation of one hour) was used to determine the water in 
freshly melted salt mixtures, according to the . reaction 
I 
(3) 
However, this did not represent the total water content .of 
the salt because considerable quantities of water and hydro-
gen chloride escaped from the melt during the lead reaction. 
The amount of lead_reaction itself covered a rather wide 
range, corresponding to from 42 to 114 micromoles water per 
mole lithium chloride for the 68.6 mole per cent mixture at 
36 
480°. The hydrogen chloride evolved during the reection 
amounted to between 600 and 750 micromoles per mole li thi.urn 
chlor~de; the water evolved at the same time was not deter-
mined, but was estimated at from five to' 10 times the amount 
of evolved hydrogen chloride. A four to one ratio was indi-
ce.ted by an experiment which entailed weighing the products 
evolved from a molten sample and titrating .· the hydrogen 
chloride. In this case, ~s usual, the products were co~lected 
after an initial evacuation of' one hour. A mole ratio of 
seven t~ater to one hyd!'ogen chloride was observed when these 
' ' products were pt1mped out of a melt which had absorbed 700 · p. M 
of water ih a series of' water absorption determinations. It 
should be noted· that under th~se circ~stances the ' lithium 
' ' ' 
chloride always contained more water initially than was 
necessary for se.turation in the f'used state. 
Several experiment;s ,,rere performed in which the molten 
salt Has d.i vided into t"t~o portions after an initial e·vacua-
tion of one hour. Weighed lead pellets were introduced into 
both portions -- one was sealed, the other left open to an 
evacuated cold trap. The lead reaction in the sealed portion 
was ten times that in the open tube, even though the reaction 
had not gorie to completion when the experiment was terminated. 
The experimental difficulties involved in this type of ' 
study and the apparent impossibility of obtaining reproducible 
melts led to the vapor pressure studies already presented. 
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2. Extent ~ rate of hydrolysls. 
A number of studies were performed to determine the 
effects of variou~ treatments on the extent end rate of the 
hydrolysis reaction. These experiments wer•e carried out on 
a vacuum line equipped with detachable traps cooled with 
liquid nitrogen. Two traps connected in parallel were used 
in the rate studies so thet once the experiment was under 
way the traps could be changed without letting air into the 
I' salt-containi~g vessel. The hydrogen chloride col,lected was 
titrated with s tanda:rd 0.05 Normal sodium hydroxide. The 
rate data to be con'sidered \-Tere obtained graphically . from 
plots of the amount of hydrogen chloride evolved v~rsus time .• 
' Tho effect o.f stirri:ne on the hydr.olysis reaction is 
illustrated by the following experiments. The amounts of 
hydrogen chloride evolved from El? unsttrred melt at 480° 
during 10 minutes, .30 minutes, and sb:. hours were 90, 330, 
and 851 micromoles per mole 11 thium chloride; the col .. responding 
figures for the stirx•ed melt vrere 78, 195 1 and 434 micromoles 
per mole lithium chloride. Evidant+y the hydrolysis was re-
' pressed (the totel amount Nas lovter) in the second case by 
the more rapid removal of water from the melt due to the 
stirring. That lowering the water concentration would tend 
to repress the hydrolysis cen be seen by considering the 
equation 
Cl OH + HCl. (4) 
This may be followed by t}le reaction 
OH- + Cl- = o== + HCl, (5) 
but this is rather unlikely, as has been discussed in the 
Res~.lts and Discussion section. Representative rate plots 
for stirred and unstirred melts are shown in Figure 9. 
As expected, the addition of 3 per cent by weight of dry 
lithium hydroxide repressed entirely the evoluti.on of hydrogen 
I 
chloride from the melt. The dry lithium hydr'oxide was pre-
' 
pared from the monohydrate by heating under a stret;un of dry 
nitrogen at 150° for two h'ours (3). 
The .effects of some heavy me-tal ions on the rate of 
hydrolysis of the melt are shown in Figures 9 and 10; 
(, 
I 
corresponding values are given in Tables 9, 10, 11, 12, and 
13. The lead and bismuth ions formed by the reaction of the 
metals with water in the salt apparently buffered the system 
so that hydrogen chloride. was evolved at a. constant rate. 
The addition of dry lead chloride produced a similar effect. 
The hump observed in the rate ,curve aft er addition of the 
metals, probably du.e to the stirring e.ffect of the hydrogen 
gas coming .from the metal buttons, was not obtained when lead . 
·chloride was added to a salt sample. 
The bu.f.fering action here is not completely analogous to 
that usually experienced in a~1eous solutions. Except .for 
the melt to which the lead chloride was added (3 per cent by 
weight) the ratio o.f lead or bismuth to hydroxide was less 
than one to one, perhaps an unusual situA.tion for a buf.fered 
39 
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Figure 9. Rates ot hydrolysis of LiCl-KCl melts at 480° c. 
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Figure 10. Rates of hydrolysis of LiCl- KCl melts at 480° C. 
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Table 9-. Hydrogen chloride e~rolution from a 68. 6 mole 
per cant LiCl-KCl mixture at 480° c. Not 
stirred, nothing added 
-------;--
Time, min, JAM HCl per r1 HCl x 108 per mole LiCl 
(total) mole LiCl per min, 
20 339 25 72.1 
--40 252 
45 170 
--60 153 
65 176 _.,. 
80 136 
95 237 --t~· 100 1·36 '' 
120 119 
125 248 
'140 102 
160 .. 84.8 
165 303 
180· 76.3 
200 1 72.9 
215 344 
220 63.6 
240 52.6 · 
255 '365 
260. 42~ L~ . 
315 369· 
--
system. 
An explanation for this action is that the lead ion, 
undoubtedly not a simple ion, complexes the hydroxide in the 
melt, thus, 
(6) 
{7) 
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Table 10. Hydrogen chloride evolution fl"om a. 68.6 ·molA per 
cent LiCl-KCl mixture s.t 480° c. Stirred after 
70 minutes 
----------·- ---~·-------------~------
Jvi HCl X 108 pel" mole Time, min. 
(total) 
30 
L~o 
r.;o 
6o 
70 
80 
100 
120 
130 
140 
160 
180 
200 
220 
240 
260 
280 
300 
320 
3hO 
p.H HCl per 
mole LiCl 
--333·3 
--396.9 
-·-617.3 
--670.8 
--
727.6 . 
_,.. 
' 768.3 
-... 
829.3 
LiCl per min. 
t,.24. 
84.8 
106.6 
98.h 
33.1 
L~2.l~ 
33.9 
27.1 
21.2 
19.5 
19.5 
17.0 
19.o5 
21.2 
19•5' 
The reaction for the addition of lead chloride corresponding 
to Equation 7 would be 
(8) 
The constant concentration of hydroxide established by Equa-
tion 7 or 8 would tend to establish a constant concentration 
of hydrogen chloride, 
(9) 
The resulting constant rate of evolution of hydrogen chloride 
..: 
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Table 11. Hydrogen chloride evolution from· a 68.6 mole per 
cent LiCl-KCl mixt,ure at 480° C. Lead chloride 
added after 50 minutes 
Time, min. fA M HCl per M HCl x 108 per mole 
(total) mole LiCl LiC1 per min, 
30 61.9 
40 _.,.. 271.4 ' 
.50 116.2 
--60 12?. 2 ' 
70 142.5 
--Bo 
--
8l.j .• 8 
90 1.59.4 
100 63.6 
120 179.8 ,, 51-J..3 
140 
--
· 5o.9 
150 191.6 
--
160 47.5 ! 
--
l 
180 l~2~4 
200 42·4. 
230 225.6 
--2l.j.O 42.4 
260 42.4 
280 
--
42.J..j. 
290 251.8 42.4 
350 273~9 42.4 
can be explained only by assuming a rate-deterrnil1ing ·step, 
quite possibly represented by Equation 9. Analogous reac-
tions can be written for bismuth. 
It should be noted that no claim is being made hera as 
to the actual status of the heavy metal ions in the fused 
salt. For instance, the products in Equation 3 could have 
been lead hydroxide and hydrogen, even though lead hydroxide 
as such is unknown in the solid state. Likewise, Equations 
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Table 12. Hydrogen chloride evolution from a 68.6 mole per 
cent LiCl-KCl mixture at 480° c. Pb metal added 
after 90 minutes 
Time, min~ JAM HCl per M HCl x 108 per mole LiCl 
(total) mole LiCl per min. 
30 106. 
40 135.7 50 119.6 
--60 67.8 
70 143.3 50 .• 9 8o 
90 150.9 
100 __ , 36.5 
120 159.9 36 •. 5 ,·, ·, 
140 
--
42 ·4 : 
' .. . 
150 173.0 .. ,. ' ~ 
160 
--
4,7.-5,· 
180 I 186.6 42.4 
" 
' I 200 
--
42.4 • 
220 210.3 42.4 ' 
2~0 .-- 42.4 ' 2 0 ?26.4 ' 42.1+ ' I 
300 , ' .... 42.4 
320 ' 21.1:6.8 42.4 
6 end 7 would not disagree with the, observations made and the 
conclusions reached in this work if the complex PbO~ln .. n were 
replaced by Pb(OH) 2Cln-n and the produ_ct in Equation 7 were 
replaced by Pb ( OH) 2+m Cln+m -n. 
Table 13. 
Time, min. 
(total) 
15 
20 
4.0 
60 
80 
90 
100 
120 
150 
160 
180 
200 
2J.O 
220 
240 . 
260 
270 
280 
300 
330 
45 
Hydrogen chloride evolution from a 68.6 mole per 
cent LiCl-KCl mixture at 480° c. Bi metal added 
e.fter , 60 nifnutes 
P,M HCl per M HCl X 108 per mole LiCl_ 
mole LiCl pe1• min. 
4!J .• 9 
--466.4 
156.9 212.0 
-:, 184.0 101.8 ,, 1$2.6 . 
--
' ' 237 .L~ . . i ) 
··;·· 
'' 
--
127.2 ·,1, 
. I 261.2 . i. 135.( ' 
308,. 7 . \ ' _ ... ., ' 
--
121.3 '. 
--· 
i21.3 ,'. 
! . ' 
--
121.3' 
374.0 
--
--
121.3 
--
121.3 
--
121.3 
. 4!!-9~ l.J. 
-- ; 121.3 
', 121•3 
--520.7 
